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Abstract 
The article describes the case of multivariable random loading, which occurs when the caterpillar suspension component acts as a
set of loads of independent random processes. In the danger zone details of the changes in the components of the stress tensor are 
independent random processes. As an example of parts operating at such a loading the author discusses tracked vehicle road arm.
Presently, there are no standard techniques for the estimation of fatigue life under random multivariable loading currently 
available. The article describes the method of estimating the fatigue life for this type of load, based on the calculation of 
microplastic deformation. It uses a structural model of the material, based on the description of the deformation diagram of 
dependence by Ramberg-Osgood. To identify the model of accumulation of damage conventional mechanical and fatigue 
characteristics of the material were used. Accounting for natural dispersion of fatigue characteristics allowed to get the result as a 
function of the probability of failure-free operation. The validity of the approach is confirmed by comparing the calculation 
results with the experimental data. The practical application of the technique is illustrated by the example of predicting the 
durability and reliability of heavily loaded parts of the high-speed caterpillar vehicle. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015).
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1. Introduction 
When designing a machine, designed to work in heavy accidental load, forecasting of the resource of heavy-duty 
machines is performed on the basis of the calculation of the fatigue life of its parts [1, 2, 3].  
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In the case of a linear stress state, this problem is solved quite simply. Using spectral density of stress changes 
obtain probability distributions highs, convert them into loading units, and then on the basis of hypotheses of 
summation of fatigue damages, the average values of the components resource[4] are determined. There is also 
another possible approach, according to which the process is carried out directly by the known methods (for n 
cycles, "rain- flow", etc.) and the subsequent calculation of the accumulated damage is carried out. Existing theories 
also make possible to obtain a probability function of failure-free operation in the presence of information about the 
spread of fatigue characteristics of the material.  
The most difficult case is when a heavy duty parts are under plane or volumetric stress states. There are many 
methods for calculating fatigue strength for a one-parameter loading, when the stress tensor components are 
stationary random processes with proportional change in values. In these cases it is possible to bring down using 
conventional hypothesis the amplitude of the principial stress in the danger zone details to the equivalent amplitude 
of a linear stress state[5] .  
In engineering practice, there are cases of multi-parameter loading when part loads are cyclically varying forces 
with random amplitudes and points of application. For example, caterpillar tractor supporting surface during 
movement of the machine on the track undergo combination of random loads. During operation of engineering 
machines these loads accompanied by random loads acting on the operating parts. This situation is possible when 
the components of the stress tensor vary in phase, but with different for each loading cycle ratio factor. Principal 
planes remain unmoved within a single load, randomly changing its position from cycle to cycle. Methods of 
estimation of durability for this case is offered in [6, 7, 8, 9, 10]. 
2. Methods 
The case of multi-parameter loading, in which the components of the stress tensor in a dangerous point of part 
vary randomly for independenty is the most difficult. Standard methods of estimation of fatigue life for this type of 
loading is not currently available.  
Examples of parts that implement this type of load in dangerous locations, is the tracked vehicle road arm[3]  
(Fig. 1, a). The forces acting on each of the rollers may be presented in the form of three components (Fig. 1, b) in 
the coordinate system x- y- z, associated with the the machine body. The alpha as well as vertical (Fz)_ and 
longitudinal (Fx) components of the load constantly change over time in the course of driving on the road, having 
irregularities. When driving on the curved ways there is of a transverse component Fy occur. Examples of such a 
processes are shown in Fig. 2, a.  
During the movement angle D is continuously changes over time, so for further calculations, it is necessary to 
convert the forces acting on the roller to force  components: PX , PY ,  PZ , MX , M  , fixed with respect to the road 
arm body (Fig. 1, c): 
Fig.1. (a) tracked vehicle; (b) the forces acting on the roller; (c) the forces acting on the road arm. 
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where, R is the radius of the support roller.  
Fig.2. (a) processes of change of forses; (b) processes of change of stress. 
Calculation of the momentary stress values can be made using standard finite element method. Firstly, define the 
components of a stress state in the most loaded zone V[ n, VK n, W[ Kn under action of single forces of PX , PY , PZ , MX ,
M  ([  and K –  axis lying in plane on the n - th finite element). The current value of stress components is defined as 
a linear combination: 
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As an example, Fig. 2, b presents fragments of the processes of change of normal and shear stress in the most 
dangerous points of the cross section of the balancer. Analysis of the processes of change of the stress state 
components indicated that they are different, although correlated stochastic processes.  
In this paper the method of estimation of fatigue life in general under multi-parameter loading is developed. The 
method is based on the use of structural model of material and the model of damage accumulation [11, 12], 
originally developed for the low cycle fatigue. The original idea of the model is that fatigue is associated with the 
micro- plastic deformations. The increment of the accumulated damage is given by:  
OQZ E dKd  .    (1) 
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where, K  and E constant coefficients defined in the constuction of the model, dO - Odkvist’s parameter, Q = p*/r* , 
p* - plastic deformation rate after the last reverse, r* - the intensity of the elastic deformation. 
The values of dO  and Q  are obtained from the solution of the boundary value problem with the help of the 
structural models of the material. It is assumed that the elementary volume of construction works like a set of 
subelements, the yield surface in deviatoric space described by Mises spheres of different radiuses. Deformation of 
all sub-elements are considered the same and is equal to deformation of element. For non-deformed body centers of 
yield surface are at the origin. In the process of deformation of the material takes place displacement of the point e,
corresponding to the current strain. When it reaches any yield surface and seeks to go beyond it, there is a 
displacement of the center of the surface so that the point e is on the surface all the time. This shift represents a 
change of inelastic deformation dpk . The corresponding calculation method is described in [11]. In the process of 
the material deformation the calculation of dO is carried out by the equation kpd ' O  . The value of Q  at each 
step of loading is determined as a function of the number of shifted yield surfaces [13- 15].    
This approach allows the calculation of the accumulated damage at arbitrary trajectory of the point corresponding 
to the current value of the deformation, including the multi-parameter loading. In the case of high-cycle fatigue 
instead of the plastic deformation should be regarded microplastic deformation responsible for the accumulation of 
damage. To calculate microplastic deformation may be used deformation diagram described by Ramberg-Osgood 
relation [16]:  
mApr   .  
where, A and m is the constants factors (material properties), r and p is the intensity of the elastic and plastic 
deformation. Parameters A and m can be determined by conventional mechanical properties - yield strength and 
tensile strength.  
To identify the model of damage accumulation (1) usually equate the damage calculated by the model and Coffin 
relation. To obtain adequate results in this case the parameters of this relation should be determined based on 
material properties at high cycle fatigue. The procedure for the model identifying using the mechanical and fatigue 
characteristics of the material (yield strength, elastic modulus, Poisson's ratio, endurance limit, the basic number of 
cycles and the slope of Woehler diagram) is given in [17-19]. Comparison of the durability calculated by the model 
with experimental data for the cases of uniaxial and plane stress state demonstrated their satisfactory 
agreement[20, 21].  
Characteristic of fatigue strength characterized by a large scattering, that is why in the settlement of the resource 
assessment it is necessary to evaluate its deviation from the mean. To solve this problem can be used a variety of 
approaches, such as the Monte Carlo method. In [22], a method that allows using this model of damage 
accumulation and takes into account the scattering of the endurance limit as a function of reliability is considered. 
3. Conclusion 
The proposed method was used to solve a number of practical problems. One of them is forecasting the durability 
and reliability of heavily loaded parts of tracked amphibious all-terrain vehicle TM-120. Road arm of this machine 
have enlarged cross overhang. To reduce the weight, they are in the form of thin-walled welded structures. These 
features dramatically increase their stress intensity. In this connection, field tests of TM-120 prototypes shoed 
frequent fatigue failures of the road arm in the region of its head. To avoid its failure the design of the road arm have 
been changed: there were introduced reinforcing strips, internal barriers and ribs. 
To evaluate the effectiveness of these changes a comparative study of the durability of the original design and 
reinforced variation of the road arm have been carried out. Simulation of motion was carried out for the conditions 
of the standard test site. Estimation of fatigue life was carried out using the proposed model of damage 
accumulation.  
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Fig. 3 represents functions of failure-free operation of the initial and modified road arm. As a initial data the 
fatigue characteristics of steel 30KhGSA, having a coefficient of variation of endurance limit 0.1 were used. 
Analysis of the obtained results shows that gamma-lifetime  J  =   90%) of the new road arm design increased about 
3 times. That is in satisfactory agreement with the test operation of  the modernized tracked amphibious all-terrain 
vehicle. 
Fig.3. Functions of failure-free operation: 1- initial road arm, 2- modified road arm. 
References 
[1] I.Ia. Berezin, A.A. Abyzov, Process modeling simulation of resource use at trial of mobile technology, Technique and technology of 
construction and operation of highways: Sb.nauch.tr. MADI (TU); UV MADI (TU). (2000) 56–74. (in Russian). 
[2] V.A. Savochkin, A.A. Dmitriev, Statistical vehicle dynamics and traction tracked vehicles, Mashinostroenie, Moscow, 1993. (In Russian). 
[3] A.A. Abyzov, I.Ia. Berezin, V.I. Byvaltsev, The use of simulation techniques to assess the endurance test of the resource elements of heavy-
duty propulsion fast tracked vehicles Environmental Engineering in transport-road complex: Coll. scientific. tr. MADI (STU). (2002) 143–
154. (in Russian). 
[4] V.P. Kogaev, Strength calculations for voltages variable in time, Mashinostroenie, Moscow, 1993. (in Russian). 
[5] G.S. Pisarenko, A.A. Lebedev, Deformation and strength of materials under complex stress state, Science Dumka, Kiev, 1976. (in Russian).
[6] I.Ia. Berezin, The estimated longevity of details in unsteady complex stress state Tr. PRF. 139 (1974) 25–29 (in Russian). 
[7] V.G. Sergeev, I.Ia. Berezin, Calculation of the resource components operating in conditions of irregular loading and plane stress, Knowing 
machines. 4 (1980) 67–73. (in Russian). 
[8] I.Ia. Berezin, D.A. Gokhfeld, V.G. Sergeev, Prediction of durability and residual life of fatigue failure criteria, XI International Colloquium 
"mechanical fatigue". (1991) 27–40. (in Russian). 
[9] A.S. Gusev, V.V. Nikonov, S.S. Dmitrichenko I.M. Ilinich, On the calculation of the fatigue life under plane stress, Knowing machines. 2 
(1979) 81–86. (in Russian). 
[10] A.S. Gusev, Fatigue resistance and survivability of structures under random loads, Mashinostroenie, Moscow, 1989. (in Russian). 
[11] D.A. Gokhfeld, O.S. Sadakov, Plasticity and creep under variable loadings, Mashinostroenie, Moscow, 1984. (in Russian). 
[12] D.A. Gokhfeld, K.M. Kononov, V.B. Poroshin, O.S. Sadakov, Coupled Mathematical Models for Cyclic Inelastic Deformation and Damage 
Accumulation Processes Trans. 10th Int. Conf. on Structural Mechanics in Reactor Technology. L (1989) 19–24. 
[13] A.A. Abyzov, O.S. Sadakov, Use of a structural model for the assessment of fatigue multiparameter random impact, Vestnik IuUrGU. Seriia: 
Matematika. Fizika. Khimiia. 2 (2005) 73–79. (in Russian). 
[14] A.A. Abyzov, O.S. Sadakov, The effect of the first invariant of the stress on low-cycle fatigue, Vestnik IuUrGU. Seriia: Matematika. Fizika. 
Khimiia. 2 (2005) 69–72. (in Russian). 
[15] A.A. Abyzov, O.S. Sadakov, N.O. Felk, Model accumulation of fatigue damage in the history of any stress, Identification and verification. 
Vestnik IuUrGU. Seriia: Matematika.Fizika. Khimiia. 6 (2005) 72–76. (in Russian). 
[16] D.A. Gohfeld, L.B. Getsov, K.M. Kononov, The mechanical properties of steels and alloys in unsteady loading, Directory, Ural Branch of 
Russian Academy of Sciences, Ekaterinburg, 1996. (in Russian). 
[17] A.A. Abyzov, I.Ia. Berezin, O.S. Sadakov, Calculation of the resource parts at random regardless multiparameter loading, Vestnik IuUrGU. 
Seriia: Mashinostroenie. 11 (2006) 30–36. (in Russian). 
[18] A.A. Abyzov, I.Ia. Berezin, O.S. Sadakov, Application of the simulation test to the calculation of the resource undercarriage transport 
vehicles, Vestnik IuUrGU. Seriia: Mashinostroenie. 11 (2006) 122–129. (in Russian). 
850   A.A. Abyzov et al. /  Procedia Engineering  129 ( 2015 )  845 – 850 
[19] A.A. Abyzov, Predicting the reliability of structures under random loading independent multi-parameter, Proceedings "Problems of 
Security". (2007) 62–64. (in Russian). 
[20] P.A. Pavlov, A.K. Malikbekov, Cycle fatigue of carbon steels in the plane stress, Message 1, Problems of strength. 1 (1986) 55–60. (in 
Russian).
[21] P.A. Pavlov, A.K. Malikbekov, Cycle fatigue of carbon steels in the plane stress, Message 2, Problems of strength. 8 (1986) 41–45 (in 
Russian).
[22] A.A. Abyzov, The estimated fatigue life of chassis components for random loading multiparameter, Actual problems of protection and safety. 
Proceedings of the 16th All-Russian scientific-practical conference, Armored machinery and armament, Saint Petersburg, NGOs 
Spetsmaterialy. 3 (2013) 189–195. (in Russian). 
